One hundred patients with suspected coronary heart disease were studied by vectorcardiography (VCG), electrocardiography (ECG), and coronary arteriography. Twenty-eight patients had VCG evidence of anterior infarction; 26 of this group had severe narrowing or obstruction of the left anterior descending branch. Five did not have anterior infarction by ECG.
SUMMARY
One hundred patients with suspected coronary heart disease were studied by vectorcardiography (VCG), electrocardiography (ECG), and coronary arteriography. Twenty-eight patients had VCG evidence of anterior infarction; 26 of this group had severe narrowing or obstruction of the left anterior descending branch. Five did not have anterior infarction by ECG.
Twenty-seven patients had VCG evidence of diaphragmatic infarction; 25 of this group had severe narrowing of the right coronary artery or the left circumflex branch or both. Six of the 27 did not have ECG evidence of diaphragmatic infarction.
Twelve patients had VCG evidence of posterior infarction whereas it was detected by ECG in only two. Only six of the 12, however, had severe narrowing of the nutrient arteries to the posterobasal part of the myocardium.
Thirteen patients with infarction had severe narrowing but not total obstruction of a coronary artery. On the other hand, 15 patients had total obstruction of a major coronary vessel without actual infarction.
Additional Indexing Words:
Coronary heart dsease Anteror ii Angiographic narrowing of coronary arteries C ORONARY ARTERIOGRAPHY is being used with increasing frequency in the evaluation of patients with coronary artery disease. The precise relationship between the arteriographic findings and the electrovectorcardiographic diagnoses of infarction has not been clearly elucidated. We recently had an opportunity to study these variables in a group of patients with anginal syndrome. The purpose of our study was: (1) to determine the nfarction Posterior infarction Diaphragmatic infarction ECG and VCG diagnosis in patients prior to selective coronary arteriography, (2) to determine the relationship between the ECG and VCG diagnosis of infarction and the severity of the arteriographic changes, and (3) to determine which electrocardiographic approach correlated most nearly with arteriographic changes of coronary artery disease.
The records of all patients undergoing selective coronary arteriography at our institution during the preceding 18 months were reviewed. Requirements for inclusion in this study were: (1) a resting electrocardiogram (ECG), (2) a vectorcardiogram (VCG), and (3) bilateral coronary arteriograms of acceptable quality. Patients having bundle-branch block and aortic valve disease were excluded. A total of 100 patients met these qualifications.
Approximately one half of the patients in this series had been referred to the University of Minnesota Hospitals for consideration of myocardial revascularization; another one fourth had been referred for ileal bypass for the purpose of lowering serum cholesterol. The remaining patients had various types of chest pain-usually atypical angina. Ages ranged from 21 to 72 years, with a mean age of 40. The group included 86 males and 14 females. Seventy-one had typical angina pectoris; 22 had atypical angina; and seven were free of angina.
Methods

Vectorcardiogram
Vectorcardiograms were obtained by the corrected orthogonal lead system of Schmitt (SVEC III). The vector loops in three body planes (horizontal, frontal, and left sagittal) were recorded with the Sanborn Visoscope on Polaroid film. In addition, X, Y, and Z leads were recorded simultaneously at 100 mm/sec on a 3-channel direct-writing oscillograph. (Instantaneous vectors were determined by analysis of both vectorcardiographic loops and scalar tracings [X, Y, and Z leads].)
Our criteria for vectorcardiographic diagnosis of infarction were a modification of the criteria established by Hugenholtz,1 Gunnar2 and their associates, and Pipberger.3 1. Anterior myocardial infarction (including anterior and lateral) One or more of the following: a. The initial 0.02-sec vector displaced posterior to the E point (point of zero potential) in the horizontal and sagittal planes. b. Clockwise rotation of the initial forces of the QRS loop around the E point in the horizontal plane. c. The initial 0.01-and 0.02-sec vectors located between 900 and 1800 in the horizontal plane and to the right of 900 and 2700 in the frontal plane. 2 
. Diaphragmatic myocardial infarction
Both of the following: a. Clockwise rotation of the initial forces in the frontal plane with the maximal QRS vector between 2700 and 35°.
b. The initial 0.02and 0.03-sec vectors superior to the E point in the frontal and sagittal planes. 3 . Posterior myocardial infarction, characterized by more than 50% of the loop anterior to the E point with counterclockwise rotation in the horizontal plane.
Electrocardiogram
Conventional 12-lead electrocardiograms were recorded on a 6-channel direct-writing oscillograph. The criteria used for the electrocardiographic diagnosis of infarction were:
1. Anterior myocardial infarction (including anterior and lateral) One or more of the following: a. QS deflection in leads V1 through V3.
b. The presence of initial R in lead V1 followed in V2_4 by a Q wave which was 0.04 sec in duration or had an amplitude greater than 25% of the R wave.
c. A decrease in the amplitude of the initial R wave on going from lead V, to V4. d. An RS deflection in leads V1 and V2 with decrease in the amplitude of the R wave in V3 and the development of a Q wave in V4, V5, and V6. The Q wave in V5 and V6, to be significant, had to be 0.04 sec in duration or measure 15% of the total amplitude of the QRS complex (in the absence of severe left ventricular hypertrophy). e. A Q wave, 0.04 sec in duration in aVL or measuring 50% of the amplitude of the following R wave (in the absence of severe left ventricular hypertrophy). (This pertained only in the presence of an upright P wave in the same lead.) f. The presence of a Q wave in lead I either 0.04 sec in duration or greater than 10% of the amplitude of the total QRS complex', 2 (in the absence of severe left ventricular hypertrophy).
2. Diaphragmatic (inferior myocardial infarction, characterized by a Q wave in II, III, and aVr , with the Q in aVF 0.04 sec in duration or deeper than 25% of the amplitude of the following R wave. 3. Posterior (posterobasal) myocardial infarction, evidenced by a 0.04-sec initial R wave in V1 or V2 or in both without right bundle-branch block.
Coronary Arteriogram
The technique used in this study had been reported previously.4 5 The percutaneous femoral artery approach was used. X-rays were obtained by the cut-film changer. This method has been effective in our hands providing a satisfactory arteriogram in 95% of patients.5 Contrast material used in this series was diatrizoate meglamine (Renografin).
Each coronary arteriogram was graded by one observer, a radiologist, who had no knowledge of the patient's clinical course. Each major arterial branch was graded separately in the anteroposterior and lateral views. If no plaques or areas of Circulation, Volume Typical example of coronary artery grading in this series illustrating moderate narrowing of the LCB with severe disease of the RCA and obstruction of the LAD. Collateral flow to the obstructed LAD comes by way of the LCB. See text for abbreviations.
narrowing were visible, the artery was considered normal (grade 0). With mild disease but less than 25% narrowing in the anteroposterior and lateral views, arterial disease was graded as mild (grade 1). Between 25% and 50% narrowing was considered moderate disease and classified as grade 2. When a coronary artery or branch appeared to be more than 50% narrowed but not obstructed, the disease was considered severe (grade 3). Obstruction of a vessel was classified as grade 4 disease. If the obstruction was associated with collateral flow, the vessel was classified as grade 5 (fig. 1 ).
The major blood supply to the anterior myo-Circulation, Volume XXXVIII, July 1968 cardium comes from the left anterior descending (LAD) branch, and therefore it may be considered the "nutrient branch" to the anterior myocardium. On the other hand the diaphragmatic myocardium usually receives a dual blood supply from the right coronary artery (RCA) and left circumflex branch (LCB); therefore, the nutrient branches to the diaphragmatic myocardium are the RCA and LCB. The posterobasal myocardium receives its nutrient blood supply from the LCB and, in the majority of patients, the RCA as well. Because both of these had severe narrowing of the LAD, the left main coronary artery was not graded and not included in the comparisons.
To determine the consistency of our interpretations of the vectorcardiograms, electrocardiograms, and arteriograms, repeat grading was done. Every fifth electrocardiogram and vectorcardiogram were reviewed by one of us who had interpreted the original records previously. The cardiologist had no knowledge of the patient's clinical course or of the original interpretation of the electrocardiograms and vectorcardiograms. In addition, the vectorcardiograms were read independently of the electrocardiograms. To determine the consistency of arteriographic interpretations, 20 were regraded at least 4 months after the original reading. Like the initial grading, the second grading was done without benefit of clinical data.
On rereading the 20 electrocardiograms, the diagnosis of infarction was changed on two. Twenty vectorcardiograms were reread, and one reading was changed from "normar' to "'infarction." Of the 20 coronary arteriograms reviewed (which involved making a total of 60 repeat observations, since the three major coronary branches were regraded separately), 13 received minor changes in interpretation that involved a difference of only one grade. In only one case was there a change of more than one grade (grade 3 to grade 5) on the second observation.
Results
Vectorcardiographic Findigs (Tables 1 to 3) Fifty-three patients showed vectorcardiographic evidence of at least one or more old myocardial infarctions, and 14 of these had two infarcts by vectorcardiographic study. The diagnoses of true posterior myocardial Circulation, Volume XXXVIII, infarction were made with greater frequency by the vectorcardiogram than by the electrocardiogram. In no case was the ECG positive for infarction when the VCG was normal.
Electrocardiographic Findings
According to the electrocardiograms, 46 patients had had at least one myocardial infarction. Six had evidence of two infarctions. Repolarization (ST-T changes) abnormalities detected by electrocardiogram were recorded only in those patients not receiving digitalis who did not have ventricular hypertrophy and who did have normal serum electrolytes. Electrocardiographic study revealed ST-T changes without infarction in 18 patients. Left axis deviation, which was recorded when it was an isolated diagnosis not associated with left ventricular hypertrophy, was diagnosed in seven patients by electrocardiography.
Findings by Coronary Arteriogram
Lesions of coronary artery narrowing were fairly evenly distributed in the LAD, the LCB, and the RCA according to coronary arteriograms. Forty-nine per cent of the patients had severe changes or obstruction of the LAD, 43% had severe narrowing of the RCA, and 31% had grade 3 or greater changes of the LCB. Severe narrowing of one coronary branch with only mild disease of the other two branches was rarely encountered. Severe narrowing of two coronary branches with mild disease of the remaining branch was unusual and occurred in only eight patients. On the other hand, 17 had severe three-vessel disease. Fourteen patients had collateral flow associated with obstruction of a coronary vessel; six of these patients had collateral flow in two major branches.
Results of Correlations Anterior Infarction
Anterior myocardial infarction was diagnosed by VCG in 28 patients (table 1) . Two had moderate (grade 2) changes while 26 had grade 3 or greater narrowing of the branch that normally supplies the anterior myocardium-the left anterior descending branch. Of the same group of 28, five did not have clear-cut electrocardiographic evidence of anterior infarction.
As seen in table 1, the last five patients did not have conclusive electrocardiographic evi-Circulation, Volume XXXVIII, July 1968
Figure 3
The ECG also shows infarction of the anterior and diaphragmatic wall. In addition, S-T segment elevation in the V leads persisted after the acute anterior infarction, suggestive of left ventricular aneurysm. dence of anterior infarction but did have other ECG diagnoses such as ST-T abnormalities, left ventricular hypertrophy, or diaphragmatic infarction. A typical example from this study of anterior infarction may be seen in figures 2 to Circulation, Volume XXXVIII, July 1968 4. The patient, a 37-year-old man, had had an anterior myocardial infarction at age 29. At age 36 he sustained infarction of the diaphragmatic myocardium. Coronary arteriography documented complete obstruction of the distal LAD coronary artery ( fig. 4 ) and
Figure 4
Coronary arteriogram, left coronary injection, lateral view. Note the severe narrowing of proximal portion of the LAD with total distal obstruction. The RCA injection showed complete obstruction as well. At necropsy 2 weeks later the arteriographic findings were confirmed. In addition, there was a small left ventricular aneurysm just distal to the point of obstruction of the LAD. obstruction of the RCA (table 1, patient 9).
A second case is presented as an example of lack of agreement between the vectorcardiogram and electrocardiogram. A 48-year-old man gave a history of angina pectoris and intermittent claudication for 5 years. The VCG was compatible with-although not typical of-anterior infarction. On the other hand, the ECG showed ST-T abnormalities but significant Q waves indicative of infarction were not present ( fig. 5 ). Selective coronary arteriography showed total obstruction of the distal portion of the left anterior descending branch of the left coronary artery ( fig. 6 ). Severe atherosclerotic changes were evident in most of the major coronary branches, particularly the right coronary artery which appeared to be 70% occluded in its proximal portion (table 1, patient 25). Necropsy 5 weeks after arteriography revealed occlusion of the distal LAD with a 2by 1.5-cm infarct just distal to the obstruction of the RCA. It should be noted that five additional patients had total obstruction of the LAD branch, although the diagnosis of infarction was not suggested by either the electrocardiogram or the vectorcardiogram. Two of these five patients had collateral flow around the obstructed LAD.
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Figure 5
Electrocardiogram showing diguse ST-T changes but no definite evidence of infarction. The vectorcardiogram is compatible with anterior infarction. The T loop is discordant with the QRS loop, indicating ischemic changes. Both the ECG and VCG suggest left ventricular hypertrophy.
Diaphragmatic Infarction
Diaphragmatic infarcts were diagnosed vectorcardiographically in 27 patients; 25 had severe obstructive disease of the nutrient vessels-the RCA or the LCB, or both. By electrocardiographic criteria, six of the 27 patients in this group did not have conclusive evidence of diaphragmatic infarction (table 2, patients 22 through 27). Of these six patients it should be noted that two had anterior infarction diagnosed from the ECG and VCG while a third had left ventricular hypertrophy from the ECG alone.
It is interesting to note that 10 patients had obstruction of the RCA or the LCB although the diagnosis of diaphragmatic infarction was Circulation, Volume XXXVIII, July 1968 not suggested by the VCG or ECG. Of this group of 10 patients, six had collateral flow (grade 5) demonstrated by coronary arteriography. Of these six patients, three had collateral flow from the LAD to a severely diseased RCA by means of the posterior descending coronary artery. The other three patients had collateral flow around an obstructed RCA by way of the conal artery which had in each case originated from the proximal RCA.
Posterior Infarction
Diagnosis of true posterior infarction (table 3) was made 12 times by vectorcardiography. Six patients had severe changes of the nutrient branches-the right coronary artery or the left Figure 6 Angiogram showing severe diffuse narrowing of the coronary arteries. Note the severe narrowing in a localized segment of the RCA. The LAD is severely narrowed at several points and is obstructed in the distal one third. circumflex branch, or both. Of the 12, only two had true posterior infarct suspected by the electrocardiogram. Five of the 12 had diaphragmatic infarction in addition to posterior infarction.
Of the six patients with VCG evidence of true posterior infarction without "severe" narrowing of nutrient vessels, two had moderate narrowing of the LCB or RCA; both of these patients had had a presumptive clinical diagnosis of acute posterior infarction. Of the remaining four who had mild or no narrow-Circulation, Volume XXXVIII, July 1968 ing of nutrient vessels to the posterobasal myocardium, only one patient had had a history of acute myocardial infarction of the true posterior wall.
Discussion
Clinicopathological studies have shown the vectorcardiogram to be more sensitive to the diagnosis and localization of infarction than the electrocardiogram." 6, 7 In the present study, electrocardiographic, vectorcardiographic, and angiographic data are correlated. Autopsy confirnation of angiographic findings was possible in only eight of the 100 patients studied. There was a high correlation between a VCG diagnosis of anterior and diaphragmatic infarctions with severe narrowing of nutrient arteries supplying infarcted segments. The agreement between the VCG and ECG was close for anterior and for diaphragmatic infarction. In these two groups, the VCG and ECG disagreed in 11 patients. Of these 11, four had two infarcts, and two had left ventricular hypertrophy plus infarction (tables 1 and 2).
With anterior infarction detected by VCG, 92% of the patients had grade 3 or greater changes of the left anterior descending branch. With diaphragmatic infarction, 93% had severe obstructive disease of the RCA or LCB, or both. As mentioned earlier, five patients in the anterior group and six in the diaphragmatic group did not have infarctions detected by ECG.
Although the diagnosis of posterior infarction was made more frequently by the VCG than by the ECG, only six of the 12 patients who had VCG evidence of this type of infarction actually had severe disease of nutrient branches to the posterobasal myocardium.
Therefore, it appears that until more clinicopathological correlations are made, the criteria for diagnosis of true posterior myocardial infarction by VCG should be regarded as tentative. It would appear from these data that the vectorcardiographic criteria for posterior infarction might be too sensitive, accounting for a "false positive" diagnosis in at least three patients.
Circulation, Volume XXXVIII, July 1968 Complete obstruction of coronary vessels was not always accompanied by VCG or ECG evidence of infarction. Five patients had total obstruction of the LAD artery with no evidence of anterior infarction by VCG or ECG. In two of these five, the coronary arteriogram demonstrated collateral flow to the obstructed LAD. In addition, 10 patients had total obstruction of the RCA or LCB with no VCG or ECG evidence of diaphragmatic infarction. Of interest is the fact that six of these 10 patients had collateral flow to the diaphragmatic myocardium.
According to Blumgart and associates8 coronary occlusion does not necessarily lead to infarction of the myocardium. When an occlusion occurs gradually over a period of months or years, the coronary anastomoses or collateral channels become larger and carry a greater blood supply and may thereby prevent actual destruction of myocardial tissue.
On the other hand, 13 patients in this series (tables 1 to 3) had greater than 50% narrowing but not total obstruction of a nutrient vessel, yet destruction and infarction of myocardial tissue were suggested by vectorcardiography.
In our series, only five patients with angina had severe disease limited to one coronary artery. In three, severe narrowing was limited to the RCA, and in two, it was limited to the LAD. Cohen and co-workers9 reported that 18 of 60 patients with angina had only a single mild stenotic lesion of the LAD. Hultgren's group,10 on the other hand, claimed that all patients with angina had disease involving at least two major vessels.
